Jets have been detected in many accreting compact objects, and recently indications for jets have finally been found for transient cataclysmic variables (dwarf novae). However, so far, there have been no convincing reports of radio emission from white dwarfs undergoing stable disc accretion at a high rate, the so-called nova-like variables. Here, we present the first reproducible radio detection of a nova-like cataclysmic variable. The accretion rate and the distance of the detected source V3885 Sgr are comparable to the dwarf nova SS Cyg during its plateau phase. The detected radio emission is also of a similar level, although the source seems to show a steep spectrum. Besides V3885 Sgr, we have also observed IX Vel as well as reanalysed the available data for AC Cnc. Due to dynamic range limitations for IX Vel, we were not able to reach the required sensitivity and only obtained an upper limit. For AC Cnc we cannot confirm the previous detection. We discuss the detection of V3885 Sgr in the context of other types of accreting objects and conclude that the most likely source of the radio emission is optically thin synchrotron emission originating in a jet. Thus, tentative evidence for jets has now been found in both steady and transient CVs, making a universal connection between disc accretion and jet formation possible.
I N T RO D U C T I O N
Accretion and jet launching seem to go hand in hand in virtually all types of compact objects. While accreting objects do not always show jets, evidence for jets has been found in a large fraction of the available parameter space. The coupling between the accretion flow and the jet has been studied in detail for X-ray binaries (XRBs; Homan et al. 2001; Fender, Belloni & Gallo 2004) and active galactic nuclei (AGN; e.g. Ho 2005; Körding, Jester & Fender 2006) . A key conclusion of these studies is that the connection between the jet and the accretion disc seems to be similar for the different types of accreting objects. For example, in all classes of accreting objects a similar fraction of the power liberated in the accretion flow is injected into the jet, and the dependency of the jet power on accretion states seems to be similar (e.g. Maccarone, Gallo & Fender 2003; Körding, Jester & Fender 2006) . It is therefore interesting and important to ask whether and how accreting white dwarfs fit into the emerging global picture. E-mail: e.koerding@astro.ru.nl Cataclysmic variables (CVs) are interacting binary stars containing a white dwarf accreting from a companion star (see Warner 2003 , for a review). Compared to the other accreting white dwarf classes (symbiotic stars and supersoft sources), CVs have lower accretion rates that are not sufficiently high to allow for constant thermonuclear burning. They are thus mainly accretion powered. Non-magnetic CVs can be subdivided into dwarf novae and novalike objects. While dwarf novae are transient objects, which go into outburst on time-scales of weeks to months, nova-like stars have a fairly constant accretion rate at a level comparable to that seen in dwarf novae during outbursts.
Jets from CVs have been detected from the dwarf nova SS Cygni (Körding et al. 2008) . Using an analogy between XRBs and CVs, we were able to show that SS Cyg has a variable high-brightnesstemperature radio counterpart that is most likely associated with synchrotron emission from a jet. Also the coupling between the accretion flow and the jet was similar: the source was most radioloud during the onset of the outburst and while the inner accretion flow changed from an optically thin to an optically thick state. During that transition we observed a flare, during which the radio flux doubled over the course of a few hours. This behaviour is similar to that seen in XRBs (Fender et al. 2004 ).
Evidence for jets has also been found in symbiotic stars (e.g. Taylor, Seaquist & Mattei 1986) and supersoft sources (e.g. Motch 1998), which contain white dwarfs accreting at extremely high levels. In these systems, radio emission is commonly observed and, in some cases, jets have been directly imaged (see Brocksopp et al. 2004 , and references therein). In at least one case, it has been found that the coupling between the accretion disc and the jet is similar to that of XRBs. More specifically, a dip in the hard X-rays produced by the accretion flow is usually followed by a radio ejection event (Sokoloski & Kenyon 2003) , which is similar to the behaviour seen in XRBs (Eikenberry et al. 1998; Fender et al. 2004 ).
Up to now, nova-like stars have not yet been solidly detected in the radio regime. Torbett & Campbell (1987) reported a radio detection of the nova-like AC Cnc, but the detection was slightly offset from the optical position of the source and has never been confirmed. Nova-like variables are in many ways similar to dwarf novae caught in a state of permanent outburst. This analogy extends even to the typical instantaneous accretion rates. Near the peak of the outburst, SS Cyg is thought to have an accretion rate of around ∼10 −8 M (Schreiber & Gänsicke 2002) . As nova-like objects have similar accretion rates as SS Cyg in its plateau phase (the outburst phase when SS Cyg has nearly constant luminosity), it would be likely that they also show radio emission at a similar level to SS Cyg, i.e. around 0.2 mJy for a source at a distance of ∼100 pc.
V3885 Sgr is a nova-like variable at a distance of 110 ± 30 pc, as determined from a parallax measurement (Duerbeck 1999) . Its orbital period is 4.97 h (Hartley et al. 2005; Ribeiro & Diaz 2007) , but the other binary parameters are poorly constrained, since the system does not eclipse. More specifically, the inclination is probably 40
• (Haug & Drechsel 1985; Ribeiro & Diaz 2007) , based on circumstantial evidence like the amplitude of radial velocity variations and the width of the emission lines. If the system contains an unevolved donor star -which is by no means certain given its orbital period (Beuermann et al. 1998; Knigge 2006 ) -its mass is expected to be approximately 0.5 M (Knigge 2006; Knigge, Baraffe & Patterson 2011) . The accretion rate through the disc has been estimated to beṀ acc 5 × 10 −9 M yr −1 (Linnell et al. 2009 ; see also Haug & Drechsel 1985) , which is quite consistent with both the standard and revised evolution sequences for unevolved CVs presented by Knigge et al. (2011) . Both the distance and accretion rate of V3885 Sgr are similar to those of SS Cyg during the plateau phase of its outbursts.
In this Letter, we show a new and confirmed radio detection of the nova-like star V3885 Sgr and discuss possible radio detections in AC Cnc and IX Vel as well. We describe and analyse our observations in Section 2, discuss our results in Section 3 and summarize our conclusions in Section 4.
O B S E RVAT I O N S A N D R E S U LT S

V3885 Sgr
V3885 Sgr was observed twice with the Australian Telescope Compact Array (ATCA), once before the installation of the new wideband digital backend and once after. In both cases the array was in the 6A configuration, which has a 6-km maximal baseline.
In the more sensitive observations, the source was observed on 2010 February 7 for 12 h at 5.5 and 9 GHz simultaneously with the new Compact Array Broadband Backend (CABB), which increased the maximum bandwidth from 128 MHz to 2 GHz. The data reduction was done with the software package MIRIAD (Sault, Teuben & Wright 1995) using standard procedures. The primary flux calibration was established using PKS B1934−638. The target was observed in phase-referencing mode with the phase calibrator PKS B1933−400, which is 2
• 8 away from the target. The calibrated images have a rms noise level of 9 and 15 µJy at 5.5 and 9 GHz, respectively.
We have detected V3885 Sgr at both frequencies with the parameters given in Table 1 . At both frequencies, the detected flux is compatible with being produced by a point source (see Fig. 1 ). Figure 1 . Maps of V3885 Sgr at 5.5 (left-hand panel) and 9 GHz (right-hand panel). The different contour levels indicate 3σ , 6σ , 9σ , 12σ , 15σ levels. For 5.5 GHz our rms is 9 µJy and for 9 GHz it is 15 µJy. Even though there are slight extensions to the radio peak, the source is consistent with being an unresolved point source. 
Radio detection of a nova-like star
L131
At 5.5 GHz the source is detected at 17σ , whilst at 9 GHz it is detected at 7σ . The size of the restoring beam at 5.5 GHz is 3.4 × 2.32 arcsec 2 , while it is 2.1 × 1.4 arcsec 2 at 9 GHz. The Hipparcos catalogue (Perryman et al. 1997) gives the proper motion of V3885 Sgr as 28.05, −40.6 mas in RA and Dec. Thus, with respect to the epoch J2000.0, we expect a movement by 0.28, −0.41 arcsec. After subtraction of this expected offset, we find a residual of 0.12 arcsec at 9 GHz between the known Hipparcos position of the source and the radio position. Within the expected positional accuracy of our observations (∼0.2 arcsec), the radio and optical positions are coincident. The offset of the position at 5.5 GHz is also consistent with zero.
The spectral index of the source is α = 0.75 ± 0.35, where F ν ∝ν −α . The 9-GHz flux does not change if one matches the beam size to the 5.5-GHz image by using only the inner baselines. Thus the lower flux at 9 GHz does not seem to be due to flux components that have been resolved out due to the higher spatial resolution in the higher frequency image.
In addition to constructing a total intensity map we have also searched for polarized emission. However, the source is not detected in any Stoke's parameter image (q, u, v) aside from the total intensity. Given our sensitivity, this corresponds to a 5σ upper limit on the fractional polarized intensity of ∼28 per cent.
Prior to the observation described above, which used the highbandwidth CABB backend, we also observed the source on 2008 January 5. The observational setup was similar to the one described above, and the source was observed for a full 12-h run at 4.8 and 4.9 GHz with a total of 128-MHz bandwidth. In this observation, the target was detected at 4.4σ with a flux of 0.12 ± 0.03 mJy. Even though the signal-to-noise ratio of this detection is relatively low, the inferred flux is consistent with that measured in the more sensitive observation in 2010 (see Table 1 ).
AC Cnc
AC Cnc is a nova-like CV at a distance of 550 ± 150 pc with a mass of ∼0.75 M ( Thoroughgood et al. 2004) . Even if AC Cnc were as bright at radio wavelengths as the peak of the flare seen in SS Cygni during outburst, one would expect a flux below 0.05 mJy due to the large distance. Torbett & Campbell (1987) reported the detection of a ∼0.4 mJy source near the position of AC Cnc, and suggested that this was associated with AC Cnc. In their paper, the authors report an offset between the optical and radio positions of 3.4 arcsec (with a beam on the order of 1.2 arcsec). We have re-reduced the original detection, as well as subsequent observations of AC Cnc by the Very Large Array (VLA) on 1989 May 19. In addition, we have analysed two 12-h Multi-Element Radio-Linked Interferometer Network (MER-LIN) observations from 1996 December to 1997 January. In the re-analysed images, we find a 0.37 ± 0.1 mJy source at the position RA 08:44:29.2 Dec. +12:52:25.3 (J2000). If we use the newer 2MASS position for AC Cnc, we find a positional offset of more than 14 arcsec (with an expected position accuracy ≤ ∼ 0.1 arcsec), making the association of the radio source with AC Cnc unlikely. Besides this observation which shows a radio source, the second VLA observation as well as the MERLIN observations gave nondetections of the source, even though it should have been detected with the second VLA observation at 15σ (rms noise of 18 µJy). The sensitivity of the MERLIN observations was only barely sufficient to detect the source (the rms noise was 0.11 mJy), but also showed no sign of radio emission. We therefore conclude that the radio source previously identified with AC Cnc may be an unrelated transient or even just a noise spike. Given the large distance of 550 pc (Thoroughgood et al. 2004 ), a non-detection is not too surprising.
IX Vel
In addition to V3885 Sgr and AC Cnc, we also observed IX Vel in 2008. However, due to a bright, nearby confusing source, it was impossible to reach a noise level of ∼0.15 mJy. As the predicted flux of the source is close to that level, we did not reach the required noise floor to place significant constraints on the presence of radio emission from IX Vel. The formal upper limit on the radio flux is 0.6 mJy.
D I S C U S S I O N
In order to be sure that we have actually detected V3885 itself, we have to estimate the expected number of unrelated background sources in our area of interest. Fomalont et al. (2002) find that the number density of sources above a flux density S is approximately
for sources at 8 GHz. As our observing frequencies are around this value, this should provide a reasonable estimate for our observations. Our radio beam around the source position has a total size of ∼8 arcsec 2 . Thus, the expected number of background sources in our beam is only 6 × 10 −5 , making it highly likely that the detected source is indeed associated with V3885 Sgr.
Emission process
In order to facilitate our discussion of the emission process responsible for the observed radio flux in V3885 Sgr, let us summarize our key findings: we have detected a source with a spectral index of α ∼ 0.75 at a flux level of ∼0.16 mJy at 5.5 GHz. The radio source does not seem variable between our two observations. No polarized emission up to our limiting sensitivity has been found, which is unfortunately not strong enough to constrain the emission process. Our limit on the brightness temperature is fairly low: T B ≥ 0.73 K, which also does not rule out any emission mechanism.
Given these limited observational constraints, we cannot securely establish the emission process responsible. Based on the observation alone, the detected radio emission can e.g. originate from an unresolved 'nova' shell or shocks in the wind of V3885 Sgr. However, some indications can be obtained by comparing our source to other, better studied, cases. Steep spectrum emission with a spectral index around α ∼ 0.75 is typical for optically thin synchrotron emission. V3885 Sgr has an accretion rate around 5 ± 2 × 10 −9 M yr −1 (Linnell et al. 2009 ). Thus this nova-like CV has an accretion rate that is constantly of the level of a dwarf nova in outburst. In line with this, the flux we have found is comparable to that seen during the plateau phase of SS Cyg. The main difference between the emission found for SS Cyg and that discovered here for V3885 Sgr is that SS Cyg was characterized by a flat spectrum during the plateau phase.
V3885 has not been classified as a polar or intermediate polar according to Ritter & Kolb (2005) . Thus, the white dwarf is not thought to have a strong magnetic field. It is therefore unlikely that the observed emission is either gyro-synchrotron or even coherent emission like that observed in pulsars. This is supported by the spectral index, which is much smaller than those observed in pulsars (α > 1.5).
For SS Cyg, Körding et al. (2008) have argued that the most likely emission mechanism is optically thick synchrotron emission from a jet. The radio emission from V3885 Sgr is also consistent with synchrotron emission, which we consider the most likely possibility. In this case, however, the steep spectrum of V3885 Sgr suggests optically thin synchrotron emission.
The closest cousins of nova-like sources in XRBs are most likely the Z-sources. These accreting neutron stars accrete for long periods at high Eddington ratios. In Z-sources, one typically assumes that the radio emission is created in a jet, and indeed these jets can sometimes be imaged directly (e.g. Bradshaw, Fomalont & Geldzahler 1999) . These sources also sometimes show steep radio spectra (e.g. Penninx et al. 1988) . It may thus be that nova-like objects are the white dwarf analogue of Z-sources. As a nova-like object has a constantly high accretion rate, an analogous radio source in the XRB class will be in a bright intermediate state. The jets in these states are usually not compact flat spectrum jets, but transient jets that are often steep spectrum. Thus, the analogy with XRBs suggests a jet origin of the radio emission in V3885 Sgr.
C O N C L U S I O N
We have presented the first reproducible radio detection of a novalike CV. We have detected V3885 Sgr twice with the ATCA at a flux level of around ∼0.16 mJy at 5.5 GHz. We find a relatively steep spectral index of 0.75 ± 0.35, inconsistent with a flat spectrum at approximately 2σ .
Even though our observations do not rule out a thermal or gyrosynchrotron origin of the detected emission, the analogies with Z-sources and outbursting dwarf novae suggest that the detected emission is produced by synchrotron emission. As in other cases where a jet can be (partly) imaged and associated with synchrotron emission, it is likely that the radio detection presented here originates in a jet. Thus, the class of nova-like CVs can possibly be added to the population of known jet emitters.
Future radio observation with the new generation of radio telescopes (ASKAP and MeerKAT) will be able to disentangle the emission process by providing broad-band spectra as well as studying the variability of the radio emission with respect to variability in the optical light curve. They may even have sufficient resolution to directly image the emission region.
